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Cefazolin has been used for many years to treat bone and joint infections. Because of its time-dependent
antimicrobial activity, continuous infusion would potentially be beneficial. We report on the feasibility, safety,
and efficacy of prolonged continuous intravenous cefazolin therapy in a cohort of 100 patients, their serum
cefazolin levels, and the concomitant bone cefazolin concentrations in 8 of them. This retrospective cohort
study included all the patients treated for bone or joint infection with a continuous cefazolin infusion
administered over a 12-h period twice daily for =2 weeks. Drug monitoring was performed at least twice for
all the patients. Serum and bone cefazolin concentrations were determined by standardized disk diffusion
microbiological assays. The absence of clinical, biological, and radiological signs of infection after 2 years of
follow-up and the same criteria after 1 year of follow-up defined cures and probable cures, respectively. The
median treatment duration was 42 days, and the median daily cefazolin dose was 6 g. Half of the patients
received parenteral antibiotic therapy on an outpatient basis. Two moderate-grade adverse events were
observed. The median serum cefazolin concentrations were 63 pg/ml (range, 13 to 203 pg/ml) and 57 pg/ml
(range, 29 to 128 pg/ml) on days 2 to 10 and days 11 to 21, respectively. The median bone cefazolin
concentration reached 13.5 pg/g (range, 3.5 to 29 pg/g). The median bone concentration/serum concentration
ratio was 0.25 (range, 0.06 to 0.41). Among 88 patients with a median follow-up of 25 months (range, 12 to 53
months), 52 were considered cured and 29 were considered probably cured. Thus, the treatment of bone and
joint infections with a prolonged continuous intravenous cefazolin infusion was feasible, effective, well-toler-

ated, safe, and convenient, making it a strong candidate for home therapy.

No consensus guidelines on antibiotic therapy for bone and
joint infections are currently available (20, 21, 25). So, treat-
ment is still based on expert opinion. Because of the usual need
for prolonged administration, the choice of the antibiotic(s) to
be used relies on several characteristics: in vitro activity against
the isolated microorganism(s), good or excellent bone pene-
tration, and good tolerance.

Cefazolin is a semisynthetic cephalosporin with good in vitro
activity against methicillin-susceptible staphylococci (MIC,,, 1
mg/liter) and nonenterococcal streptococci (MICygs, 0.1 to 2
mg/liter) (16) and with excellent tolerance and good bone
diffusion (8, 9, 13). Several authors recommend the use of
cefazolin for the treatment of bone and joint infections, par-
ticularly those due to Staphylococcus aureus (2, 21, 31), al-
though only one study of this subject has been published to
date (13).

The continuous intravenous administration of B-lactams can
be an advantageous way to deliver these drugs, as their efficacy
is time dependent; i.e., it increases with the time that the
concentrations in serum exceed the MIC for the target patho-
gen (6, 17). When a molecule like cefazolin is stable over 24 h,
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the use of continuous infusion avoids the need for repeated
intermittent injections, as the delivery device is refilled once or
twice daily, which is particularly pertinent for parenteral anti-
biotic therapy on an outpatient basis (3, 27).

In our Department of Orthopedic Surgery, we treat numer-
ous patients with bone and/or joint infections with continuous
intravenous cefazolin, and almost half of them receive paren-
teral antibiotic therapy on an outpatient basis. The aim of this
study was to evaluate the clinical efficacy, feasibility, and safety
of the prolonged administration of continuous intravenous
cefazolin in our cohort of patients and to determine their serum
cefazolin levels and the bone concentrations in a few of them.

MATERIALS AND METHODS

Patients. This retrospective cohort study included all the patients treated in
our department for a bone and/or joint infection with continuous intravenous
cefazolin for =2 weeks and who had two or more serum cefazolin-concentration
determinations. All the patients gave written informed consent before inclusion.

The following characteristics were noted for each patient: age, sex, weight,
comorbidities (diabetes, malignancy that had developed within 5 years, immu-
nosuppressive therapy, ischemic heart disease, chronic viral hepatitis, cirrhosis,
splenectomy), American Society of Anesthesiology score (12), creatinine clear-
ance (Cockroft-Gault formula), infection site, and the microorganism(s) isolated.
All the pathogens were susceptible to cefazolin (MICs = 8 mg/liter), as deter-
mined by the standard disk diffusion method of the Société Frangaise de Micro-
biologie, and all the Staphylococcus strains were methicillin susceptible.

Drug administration. Cefazolin, administered intravenously through a central
venous catheter, was initiated with a loading dose, infused over 10 min, of 1 g
when the daily dose was =4 g or of 2 g when the daily dose was >4 g, followed
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TABLE 1. Main demographic and clinical characteristics of the 100
patients treated with continuous intravenous cefazolin
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TABLE 2. Type of infection in and pathogens isolated from the
100 patients treated with continuous intravenous cefazolin

Characteristic Value

Demographic

Median (range) age (YI)...cooeeverrereererrerereremseserensmsesesseneacs 56 (18-92)

NO. Of MalES....coieriiiiiciic e 55
Clinical

No. of patients with American Society of

Anesthesiology score =3 9

Median (range) wt (kg) e 73 (45-130)

Median (range) creatinine clearance (ml/min)... .110 (30-150)

Comorbidities (no. of patients) . 48

Cardiovascular disease 9
Diabetes mellitus
Chronic inflammatory rheumatic disease
Malignancy
Obesity (BMI* = 30)..
Chronic viral hepatitis
Neuropsychiatric impairment
Other....

“ BMI, body mass index.

immediately by the continuous infusion of 60 to 80 mg/kg of body weight/day
dissolved in 50 ml of 5% dextrose and administered over a 12-h period twice a
day via an infusion pump. All patients received combined antibiotic therapy.

Patients were discharged to home with parenteral antibiotic therapy on an
outpatient basis when the treatment duration exceeded 3 weeks, the local and
general evolution of the infection was favorable, the function of the affected joint
or limb had been recovered, the treatment was well tolerated, and they could be
assisted at home with the performance of daily activities. At home, antibiotic
therapy was administered twice a day by a visiting nurse through a portable
infusion device, either a constant-infusion pump or an elastomeric infusion
system. The other patients were transferred to a rehabilitation center or stayed
in our unit until the end of parenteral therapy.

Treatment was monitored closely: during hospitalization, the patients were
examined daily, and blood tests (blood counts and serum creatinine, liver en-
zyme, and C-reactive protein level determinations) were performed twice a week.
At home, the visiting nurse evaluated the patients’ conditions twice daily when
the infusion pump was loaded and reported on the presence of adverse events
(AEs) to the care team. Blood tests were performed once a week, and the results
were sent to the patient’s treating physician. All AEs considered by the treating
physician to be related to cefazolin and classified as grade 2 to 5 (grade 2,
moderate; grade 3, severe; grade 4, life-threatening or disabling; grade 5, death
attributable to an AE), according to the Common Terminology Criteria for
Adverse Events (CTCAE) (4), were reported.

Blood and bone sampling and drug analysis. Serum cefazolin levels were
determined at least twice for each patient. The first blood sample was obtained
between days 2 and 10 of cefazolin treatment, and the second was obtained
between days 11 and 21, with a minimum of 5 days occurring between the times
of collection of the two samples. Serum samples were stored at —20°C until they
were assayed (which was on the same day that they were collected or the day
after). Serum cefazolin concentrations were determined by the agar disk diffu-
sion test (microbiological assay), as described by Klassen and Edberg (18) and
Reeves et al. (23). Multiresistant Bacillus pumilus SJ15547 (resistant to rifampin
[rifampicin; MIC > 128 mg/liter]; fosfomycin [MIC > 512 mg/liter], and fluoro-
quinolones [MIC > 64 mg/liter]) was used as the indicator organism. Aminogly-
cosides were inactivated with cellulose phosphate powder, which was included in
the incubation with the serum specimen. The limit of quantification was 0.5
mg/liter, and the variation range was 5 to 11%.

The target serum steady-state concentration was 40 to 70 mg/liter; values
below that range were considered underdosing, and those above that range were
considered overdosing; the patients’ daily cefazolin doses were increased or
decreased (20 to 25% of the daily dose) accordingly.

For eight patients who received a continuous cefazolin infusion preoperatively
for =2 days because of acute S. aureus sepsis, bone samples were obtained during
surgery, pressed in sterile gauze to eliminate contaminating blood as much as
possible, and stored at —80°C until they were assayed. Frozen bone samples were
precisely weighed and crushed. The resulting powder was suspended in 0.1 M
phosphate buffer (2:1, by volume; pH 6.6) for at least 24 h at 4°C. The homog-

No. of

Characteristic .
patients

Type of infection
Joint arthroplasty infection....
Chronic osteomyelitis..........

.44

Septic arthritis/osteoarthritis . 16

Spondylodiscitis e 2

Miscellaneous 4
Pathogen isolated

Staphylococcus aureus 56

Coagulase-negative staphyloCOCCUS ........cccovuevriviiuiiiiniciiiiiciciines 9

Streptococcus spp

Gram-positive anaerobic bacteria“
Polymicrobial
Undetermined

“ Propionibacterium acnes.

enate was then centrifuged, and the antibiotic concentrations in the supernatant
were determined as described above. A blood sample was concomitantly drawn
to determine the bone concentration/serum concentration ratio.

Outcome. Patients were assessed for follow-up at 6 weeks, 3 months, 6 months,
12 months, and then once a year; for patients who had not been seen for >1 year,
they or their general practitioners were contacted by phone. The following events
were recorded: relapse, reinfection, and death. Relapse was defined as positive
cultures of joint aspirate or intraoperative specimens that grew the same bacte-
rium. Reinfection was defined as a new infection with another pathogen. Cure
was defined as the absence of clinical, biological, and radiological signs of infec-
tion after 2 years of follow-up; and probable cure was defined as the same criteria
for a cure but after 1 year of follow-up. If a patient had died, the cause of death
was recorded. Death was considered infection related when it was associated
with uncontrolled sepsis or treatment related when it was associated with a
complication arising during or following surgery or while the patient was receiv-
ing antibiotic therapy and in the absence of severe sepsis.

RESULTS

Patients and treatment characteristics. One hundred con-
secutive patients hospitalized between February 2005 and May
2007 were included in this study. Ninety-four patients under-
went surgery for their bone and joint infections. Their demo-
graphic and clinical characteristics and creatinine clearance
rates are given in Table 1, the infection site and the isolated
pathogen(s) are given in Table 2, and the characteristics of
cefazolin treatment and the serum cefazolin steady-state con-
centrations are given in Table 3. Cefazolin doses were ad-
justed for 47 patients: between the first and second serum
sampling for 32 patients and after the second sampling for 15
patients. For these 15 patients, a further serum sample was
drawn 2 to 8 days after the dose adjustment to check that the
serum concentration was within the therapeutic range. The
adjustment was effective for all but five patients, who required
further dose adjustment.

Two patients experienced cefazolin-related AEs. The first
patient developed Clostridium difficile colitis, and the second
became confused. In the latter patient, the concomitant serum
cefazolin levels were very high (127 mg/liter), almost twice the
upper limit targeted. Cefazolin was definitively stopped for the
former patient and was intermittently stopped for the latter
patient, whose daily dose was tapered. Both AEs disappeared
and could be classified as CTCAE grade 2; no CTCAE grade
2 to 5 AEs were observed on the basis of blood test results.
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TABLE 3. Main therapeutic characteristics of the 100 patients
treated with continuous intravenous cefazolin

Therapeutic characteristic Value

Median (range) daily dose (g)......ccccevuviuerruvecrivricucreucaes 6 (4-16)
Median (range) duration of treatment (days)................ 42 (14-82)
Antibiotic combined with cefazolin (no. of patients)

Gentamicin followed by rifampin.........cccccevoveiinnnne 59

Rifampin.....cccoooevvvvnncrene . 29

OthET e 12
Median (range) serum cefazolin concn (mg/liter)

Days 210 ..o 63 (13-203)

Days 11-21 oo 57 (29-128)
Median (range) serum cefazolin concn

(mg/liter)/MICqy (ME/LLET)” ..o 60.75 (13-203)
No. of patients with dose adaptation

TOtal oo 47

Increase 9

DECICASE ...t 38
No. of patients receiving outpatient parenteral

antibiotic therapy 51
No. of patients With AES.......cccceeueviiiiceceeeeecienees 2

“ MICy, for cefazolin-susceptible staphylococcal strains, 1 mg/liter (16).

Bone cefazolin concentrations. Bone cefazolin levels were
determined for eight patients. We obtained one bone sample
from three patients, two samples from three patients, and three
or four specimens from one patient each. The median duration
of cefazolin therapy before sampling was 7 days (range, 6 to 62
days). The median cefazolin bone concentration and bone con-
centration/serum concentration ratio were 13.5 pg/g (range,
3.5 to 29 pg/g) and 0.25 (range, 0.06 to 0.41), respectively.

Outcome. The median follow-up time was 25 months (range,
12 to 53 months). Six patients were lost to follow-up before 1
year, and one patient died from an unrelated cause (cancer)
within 1 year. Five other patients received long-term suppres-
sive antibiotic therapy. These 12 patients were excluded from
the outcome analysis.

Among the 88 remaining patients, 5 with S. aureus infection
of the femur (1 patient), of the tibial stump (1 patient), after
hip arthroplasty (1 patient), or after knee arthroplasty (2 pa-
tients) relapsed. No emergence of cefazolin resistance was
observed. All five patients underwent further surgery and pro-
longed intravenous antibiotic therapy.

One patient died of a progressive deterioration of her gen-
eral condition 6 months after surgery for the treatment of the
infection. This patient’s death was considered infection and
treatment related.

Overall, 82 (93%) of the 88 patients were considered to have
been cured (53 patients) or probably cured (29 patients).

DISCUSSION

The treatment of chronic bone and joint infections remains
difficult. It requires a multidisciplinary approach that combines
the identification of the responsible pathogen(s), surgical in-
tervention, and prolonged antibiotic therapy. Cefazolin has
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been used for >30 years to treat bone and joint infections,
because of its good activity against gram-positive cocci, espe-
cially methicillin-susceptible staphylococci; its excellent toler-
ance; its low cost; and its limited antimicrobial spectrum (13).
No drug interaction has been observed. Because cefazolin ex-
erts time-dependent antibacterial activity, its continuous infu-
sion is potentially beneficial (17).

The results of our retrospective analysis of 100 patients
treated with prolonged continuous cefazolin administration
showed that this therapeutic mode is feasible, well-tolerated,
safe, and convenient. These characteristics represent major
advantages for the choice of drug(s) to be used for prolonged
and parenteral antibiotic therapy on an outpatient basis. The
latter has become a valid alternative for the treatment of bone
and joint infections (3, 27). Only two moderate-grade AEs
were observed in our patient cohort, and the AEs regressed
after drug withdrawal in one patient and dose adjustment in
the other. It is important to underline that drug monitoring
was performed for all the patients, and the daily dose was
adjusted accordingly for nearly half of them (47%). It is likely
that the low AE rate was partly attributable to that close
surveillance. We therefore recommend such drug monitoring.

The target range (40 to 70 mg/liter) was determined by
considering that (i) the in vitro MIC for methicillin-susceptible
staphylococcal strains is 1 mg/liter (16); (ii) peak serum bac-
tericidal titers of =1/16 and trough titers of =1/4 predicted
cure in patients with chronic osteomyelitis, whereas peak titers
of <1/16 and trough titers of <1/2 predicted failure, as dem-
onstrated by Weinstein et al. (30); (iii) the reported rates of
cefazolin penetration into bone are 4 to 18% (8, 9, 13); (iv) a
bone concentration/MIC ratio of 5 is required for time-depen-
dent killing antibiotics (7); (v) we observed the absence of
cefazolin toxicity at concentrations of <100 mg/liter; and (vi)
small colony variants, which are embedded in their self-pro-
duced biofilm and which are known to be present in chronic
bone infections, are more resistant to cell wall-active antibiot-
ics (24). Although a reliance on the reported level of bone
penetration and our calculation of the target serum cefazolin
levels can be debated, we applied fundamental pharmacoki-
netic-pharmacodynamic parameters (7) to go beyond pub-
lished medical findings to try to treat these difficult-to-treat
infections with a continuous cefazolin infusion.

Serum cefazolin concentrations were determined at least
twice for each patient. The median serum concentrations at the
first and second determinations were within the target range
(40 to 70 mg/liter), but for nearly half of the patients, the doses
were adjusted and were tapered for 81% of the patients. These
observations led us to lower the cefazolin starting dose from 80
to 60 mg/kg/day. A few reports on the serum cefazolin concen-
trations achieved during continuous infusion have been pub-
lished (5, 15, 26, 28). In most of those studies, a single sample
was obtained after 12 to 24 h of treatment; in one study (15),
however, the patients were treated for at least 5 days before
they were sampled. The mean serum concentrations ranged
from 32 to 53 mg/liter, depending on the dose administered.
Because B-lactams have time-dependent antimicrobial activity,
a potential advantage could be exploited by maintaining local
antibiotic concentrations permanently above the MIC of the
isolated pathogen; this seems particularly relevant for slowly
growing bacteria, which are observed in chronic osteitis and
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implant-associated infections (7, 29). The results of several
studies showed that the bone antibiotic concentration is pro-
portional to its serum concentration (10, 11, 19, 30). Therefore,
it is likely that constant serum concentrations yield constant
bone concentrations. In our study, serum cefazolin levels were
permanently and substantially above the MIC of the isolated
pathogens (in vitro MIC of cefazolin-susceptible staphylococ-
cal strains, 1 mg/liter [16]), as the median serum concentration/
MIC ratio for Staphylococcus was 60.75 (range, 13 to 203). It
should be kept in mind that pharmacokinetic-pharmacody-
namic relationships use serum concentrations as a surrogate
marker for tissue concentrations, which are difficult to obtain
and which have several limitations (22). Numerous studies with
animals and a few clinical trials have shown that the duration
of time that the serum concentration exceeds the MIC of the
pathogen is highly predictive of drug efficacy (1, 7). Theoreti-
cally, the use of very high constant antibiotic concentrations is
not necessary to kill bacteria, but in chronically infected bone,
bacteria undergo major metabolic changes. Their growth rate
is slowed markedly, leading to the development of small colony
variants (24), which exhibit increased resistance to cell wall-
active antibiotics.

Determination of the bone cefazolin levels in eight of our
patients confirmed that this antibiotic penetrates into bone.
We observed intra- and interindividual variations of those con-
centrations, which ranged from 3.5 to 29 pg/g, whereas the
levels in serum continuously ranged from 45 to 86 wg/ml,
thereby confirming previously reported data (9, 14, 19). That
cefazolin diffusion into bone is heterogeneous and dependent
on the type of bone and the presence or absence of inflamma-
tion and/or necrosis tends to support the use of high-dose
antimicrobial therapy. Furthermore, important limitations of
the measurement of antibiotic concentrations in tissue homog-
enates must be taken into consideration (22).

The efficacy of cefazolin for the treatment of bone and joint
infections has been evaluated only once, by Fass (13). Cefazo-
lin was administered intermittently either intravenously or in-
tramuscularly to 16 patients. Fifteen patients were considered
cured, but only 6 of them were followed for at least 12 months.
In our study, outcome analysis for 88 patients with at least 12
months of follow-up showed that 93% had no signs of infec-
tion. Five patients, all with S. aureus infections, relapsed with
the same susceptible strain. No obvious cause of relapse (in-
appropriate surgery or antibiotic therapy, low serum cefazolin
concentration, poor treatment compliance, severe immunode-
ficiency) could be identified.

Our study has some limitations. The first is its retrospective
design. Nevertheless, all the patients were managed according
to our standardized local protocol, and weekly blood tests were
always performed. Therefore, it seems unlikely that we could
have missed grade 2 to 5 AEs, as AEs were noted in the
patients’ charts. Second, keeping in mind the technique ap-
plied and the fact that only eight patients’ bones were sampled
only once, the antimicrobial bone concentrations measured
should be viewed with prudence. Indeed, measurements of the
amount of drug in those tissue homogenates alone cannot
provide information on the compartment (e.g., cell, interstitial
fluid, or vascular compartment) into which the drug penetrates
or the activity of the drug at the infection site, nor can they
ascertain the efficacy of the drug. However, clinical evidence of
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the efficacy of antimicrobial therapy is needed before its use
can be recommended (22). Third, patient follow-up was <2
years for one-third of our cohort. Follow-up for 2 years is
generally required before patients with chronic osteomyelitis
or infections after arthroplasty can be defined as being cured.
Later relapses or reinfections could have been missed. Finally,
our cohort included patients with different infections that were
at different sites and that were caused by different pathogens.
A prospective study that includes a homogeneous population is
required to ascertain the efficacy of this treatment for a specific
infection.

In conclusion, prolonged treatment of bone and joint infec-
tions with continuous intravenous cefazolin is feasible, effec-
tive, well-tolerated, safe, and convenient to administer, making
continuous cefazolin a strong candidate for home therapy.
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